The effect of milk and skim milk intake on serum lipid and apoprotein levels was investigated in young females with consideration of each subject's menstrual period. When milk and dairy products were not allowed, the serum cholesterol concentration tended to decrease in high density lipoprotein (HDL) and very low density lipoprotein (VLDL), the triglyceride concentration tended to increase in HDL and low density lipoprotein (LDL), the phospholipid concentration showed no change, and the apoB, apoC-III and apoE significantly decreased. In the milk group, VLDL cholesterol and phospholipid concentrations were increased with a significant increase in the apoB concentration after intake of 200 ml/day of milk for one menstrual period, and these levels did not change when the milk intake was doubled. VLDL phospholipid increased and apoE decreased after the intake of 20g/day of skim milk, and LDL cholesterol and HDL phospholipid concentrations tended to decrease when the skim milk intake was doubled.
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The intake of milk and dairy products has been increasing in Japan recently. This phenomenon seems beneficial as a protection against osteoporosis, of which an increase is a current problem in Japan, as the mean value of calcium intake is less than the dietary allowances (1) .
However, in our previous study on the relationship between habitual milk intake and serum lipids in male inhabitants of a rural area in Japan, the serum total cholesterol was higher in a group which had drunk over 200ml of milk per day than in a group which had drunk less (2) . Several European epidemiological studies have shown a relationship between the intake of milk fat and dairy products and the mortality rate for cardiovascular disease and increased serum cholesterol levels (3 5) . On the other hand, it was found that the consumption of whole milk did not cause any change in serum cholesterol levell (6, 7) . Also, the cholesterol-reducing effect of milk and its products were suggested in some studies in human (8, 9) , and the mechanism of this effect has been investigated using rats (10, 11) .
In the present study the effects of milk and skim milk intake on serum lipid and apoprotein levels were investigated in order to find the optimum quantity and type of milk for young females.
METHODS
Sixteen female university student volunteers aged 20-23 years, whose men strual cycles were regular, were selected as the subjects for this study. The purpose of the experiment had been explained to them and their assent was obtained. The protocol is shown in Fig. 1 . The subjects were divided into two groups, i.e., milk and skim milk groups, and the diet was uncontrolled before the start of menstru ation. Blood was drawn in the morning after overnight fasting, two days before the beginning of menstruation (N period), During the three weeks to the next menstruation, the subjects took no milk or dairy products (O period). From the first day of menstruation after the O period to the next menstruation, the milk group subjects drank 200ml of milk which contained above 3.5% of milk fat, and the skim milk group subjects drank 20g of skim milk in which the calcium content was approximately the same as in the 200ml of whole milk daily (I period). The nutrient contents of the milk and skim milk are shown in Table 1 . Then, from day 1 of the menstruation after the I period to the next menstruation, the milk group drank 400ml of milk, and the skim milk group drank 40g of skim milk daily (II period). The subjects were not allowed any other milk or dairy products. Blood samples were drawn in the morning after overnight fasting, two days before the start of menstruation.
Serum was separated into very low density lipoprotein (VLDL), low density lipoprotein (LDL), high density lipoprotein 2 (HDL2) and high density lipoprotein 3 (HDL3) by ultracentrifugation (12) . The cholesterol concentration was deter mined by the enzymatic method (Fuji Rebio, Tokyo). Triglyceride and phosp holipid concentrations were determined by the enzymatic method (Kokusai Shi Fig. 1 yaku, Tokyo). Apoproteins were measured by single radial immunodiffusion (Daiichi Kagaku, Tokyo). The significance of the data was analyzed by paired t-test.
RESULTS
The height, weight and obesity indices of the subjects and the number of days in each period are shown in Table 2 . There were no differences between the two groups.
Serum cholesterol concentrations in each period are shown in Table 3 . In the milk group, the serum total cholesterol concentration showed a tendency to decrease in the 0 period compared to the N period, and it did not change further throughout the experimental period. The VLDL cholesterol concentration dec reased significantly from the N period to the O period (p<0.01), and increased to higher levels during the I and II periods (O vs. II, p<0.05). The LDL cholesterol concentration did not change with or without the milk intake. The HDL2 cholesterol concentration decreased from the N period to the O period (p<0.01) but did not change upon intake of milk. The HDL3 cholesterol concentration showed a tendency to decrease in the O period and did not change between the I and II periods. In the skim milk group, the total cholesterol concentration decreased from the N period to the O period (p<0.05), and after intake of 40g skim milk, it tended to decrease even further. The VLDL cholesterol concentration showed no change between the N and O periods, then it tended to increase in the II period. The LDL cholesterol concentration tended to be lower in the II period than in the O period . The HDL2 cholesterol concentration decreased from the N period to the O period (p<0.05) and did not change with the intake of skim milk. The HDL3 cholesterol concentration decreased in the O period compared to the N period (p<0.01), and it also did not change after the intake of skim milk. Serum triglyceride concentrations are shown in Table 4 . In the milk group, the total triglyceride concentration had a tendency to increase in the I period compared to the O period. The VLDL triglyceride concentration tended to be lower in the O period than in the N period, and higher in the I period than in the O period. The LDL triglyceride concentration did not Change throughout the experimental period. The HDL triglyceride concentration increased significantly in the O period (p<0.01) and was not changed by the intake of milk.
In the skim milk group, the total triglyceride concentration, of which the preexperimental level in the N period was lower than normal, increased in the O period (p<0.01) and did not change upon the intake of skim milk. The LDL triglyceride concentration increased in the O period compared to the N period (p< 0.05) and decreased in the II period compared to the O period (p<0.05). The HDL triglyceride concentration increased in the 0 period compared to the N period (p<0.01) and did not change upon the intake of skim milk.
Serum phospholipid concentrations are shown in Table 5 . In the milk group, The HDL phospholipid concen tration showed no change during the experimental period.
In the skim milk group, the total phospholipid concentration tended to decrease from the O period to the II period. The VLDL phospholipid concen tration did not change when milk and dairy products were not consumed but increased upon the intake of skim milk (O vs. I, II, p<0.05) . The changes in phospholipid concentration were similar in the milk and skim milk groups during the experimental period.
Serum apoprotein concentrations are shown in Table 6 . In the milk group, the apoA-I concentration tended to decrease from the O period to the II period. The apoA-II concentration did not change throughout the experimental period. The apoB concentration decreased significantly when milk and dairy products were not consumed (p<0.01), but increased to the same level as in the N period upon the intake of milk (p<0.01). The apoC-II concentration did not show regular change upon consumption of milk. The apoC-III and apoE concentration was lower in the O period than in the N period (apoC-III, p<0.01; apoE, p<0.05) and did not change upon the intake of milk. In the skim milk group, the apoA-I concentration decreased with skim milk intake. The apoB concentration decreased significantly when milk and dairy products were not consumed (p<0.01) and did not change when skim milk was taken. The apoC-II concentration did not change throughout the experimental period. The apoC-III concentration decreased in the O period compared to the. N period (p<0.01). The apoE concentration decreased in the O period compared to the N period (p<0.05) and further decreased in the I period (p<0.05). and I. EZAWA DISCUSSION Naito et al. (13) reported on the effect of milk intake on serum lipids in females, but they did not consider the effects of sex hormones on serum lipoprotein levels. Some sex hormones are observed to have some effect on the metabolism of lipoproteins (14) (15) (16) (17) (18) . We selected subjects whose menstrual cycle was regularly 26 to 34 days and adjusted the experimental period to each subject's menstrual period. We took blood samples during the luteal phase, in which the cholesterol levels are lower than those in the menstrual and follicular phase.
The effect on serum lipoproteins when milk and dairy products were not allowed was as follows: The serum total cholesterol concentration tended to decrease with the decrease in HDL and VLDL, the triglyceride concentration tended to increase in the HDL and LDL, and the phospholipid concentration showed no change. Apo-B, apoC-III and apoE significantly decreased.
In our previous epidemiological study in males, the group that did not take any milk showed lower cholesterol, triglyceride, apoB, apoC-III and apoE levels than the group that took more than 200ml of milk daily (2) . From the results of this study, the cholesterol-poor and triglyceride-rich types of VLDL and HDL when milk and dairy products are not allowed suggest that milk and dairy products might play a considerable role as an energy source in young females.
Rossouw et al. (7) added two liters of milk to the diet of high school boys and Naito et al. (13) gave an additional 400ml of milk to young women daily , which resulted in no change in serum total cholesterol level, in spite of an increase in the early period of their experiments. This was considered to represent a physiological adaptation to the unaccustomed fat and cholesterol intake. Our results showing detailed changes in lipoprotein composition seem to support their explanation . After intake of 200ml/day of milk, however, total cholesterol showed no change, VLDL cholesterol and phospholipid concentrations rose with a significant increase of apoB which reached the normal range, and these levels did not change when the milk intake was doubled. These results suggest that when the subjects have normal serum cholesterol level initially, lipids in 400ml/day of milk might be catabolized quickly.
On the other hand, a cholesterol-lowering effect was found when 40g/day of skim milk were taken, which is similar to previous studies. Insignificant decreases in serum LDL cholesterol and HDL phospholipid and a continuous low level of serum apoA-I, B, and apoC-II concentrations means the decreases of LDL and HDL. It could not be explained only by the low fat and cholesterol contents because the effect did not appear when 20g/day of skim milk was consumed.
These results might indicate that the intake of whole milk could be acceptable if less than 400ml/day, which contains 14g of fat, and is the proper quantity for young adult normolipidemic females, but the effect of the same intake in hyper lipidemic patients has not been yet clarified and should be investigated carefully . More investigations are required on the effect of milk intake on lipoproteins with consideration of the subject's age, and with a longer experimental period.
